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X\ 7H|e)-<g SKMr #^l7lJl 
<8> aJJz}- ^ofl^ ^ ^ tflo} ^^£7} *i| 71^ ^JliiL £«H iH?^ 

^MtJ.. d}2]- #ofl;*Kr ^^KM afe ^2fl^ ^ cg<*) 7b^cfl AjS. ^g-S} 

^ ^ofl^H $1^7} ^^11 <&^-s] io% *fl-f ^t!r ^IM^r. 

^ 3HK complete color blindness)^ ^-€r ^ #°ll (partial color blindness)S 
H-^M, ^Ml^ t^-A] ^^(dichroraacy)^ ^ ^(anomalous trichromacy)^. i^Hd^r. 

^t}. o]S. 7 >A]3I}-^- cg^oj £€■ # ^ 7>X|^) ^JE^K^S. *l*lth}. ^H^l 

€r*fl*J-*l ^^S, S €^43L7> ^*flSM ^-Mfe ^^JlS SHHath 

<11> ^*Kr ^|7>^| €^4S.7> S.^- ^fl^l^V SH"^ ^£7} til^^ol Ji 

Si**, ol ^^Ml^ al^>$-2joi 71^ ^ ^#£7> o]^s\7]xj. i&#S.<i\ «];-§- 

37l7> ^5)71 nfl^«f| «m «l^^ol7lfe- Afl7H €^M)3L7} SL^ ^Tfl 

*>7l 7H^ ^-fr $1*1 « ^ Sa^- ^ ^#5.^ ol* ^££f ^ 
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tg^ cg^oi tfo^t}.. v}%7}x}s^, til^^^l 

t^e}-, ^djefr, ^H^, ^^^s. 4£t}. 

^sRr^i e ^^M^ # 

ofl*H7fl ^^|7l ^^fl^j aij:^ sfMH^ ^z}- ^-ofl^s-o] aijt-. q^-i- J±4" 

% ^&Z}7] ^tt <^ 4^5L &7) ^&°\], ^2\)sL ^-g- 7>^^r 7flt°l 

is) SL^-Qt).. H^r ^4 #°fl ^-^>7> sq^-s^ ^ ^ ^ *^5L ^7lfe « 

:14> 7l^] ^M^ 0 ! ^^§- ^.4 ^ 5=S>H^ 7l^Sfe ^ ^ 

ir ^ ^ ^ ^ii^h au^, ^» ^^*>7i 
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&4fe ^l^o] 

^°i5L ^ #*n ^ 4^ ^#-a- * ^ sat ^ ^ *fl^*lfe ^ 

it> sEtb ^ ^HSI^ ^ ^ 4^ £ tf^rSlfe 
ifl47)l> ^ ^ ^ #*1« *H^*|-fe 3* ^^S. 

:18> olal^ ^ ^ Wlt}iL ?H|i«- ^€ 

3 Al^ tq^l^ alrl^. rflolEls. ^fetf. ^ ^ £ 

ri^i^ uiri^. ciHBio} ^#.g. t^^i^ xi^s. ^-£.03.^, qz^ ^-ofl^ -sijaq- #ofl ^ 

-§-4 q#o\] nfe). tfl-g. 7l^>o.S. ^ JSi^-g: 
ci9> ^ <i)if- ?We±^b\ vWSL z.^<$ <$^5L q^}% q 

iL«?l R, G, Bt ^t^Kr #314, wl^-2. H3| °J ^olBls.^ ^ H"7l ^ ^*}fe 
^d^i^fe ^ ^» #^>fe #31, #71 ^€ 4^ H-71, 4^ £ 

*}-§-7> ^^^H C)*IH ^q- ^5LS ^*>fe ^7414, ^71 
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20> -g- ^<^1 ^ ^ 3.$ *>-§-7> ^ t^¥3H xj)#o} 

2i> EE^j- £ i£t$6\) <q^. a.^ ^<>JM ^ ^-ofl ^*>» ^t!: ^ ^ #31^ ^ 

#71, ^ ^Jr ^ *M ^*Kr 

a tij-s. ^ o.S. 

« W £.^*Hr ^ 7HleHH Hl^A 31 

ol^HH 5q« ^-71 ^ «fr^*Kr &&*}7\ ^dlsfe #^*Hr ^2, 

#7] <^ 3Lfe £^1*} ^5., W H"7l, 3^ dMfr, ^31 ^^^fl ^ 

£ l^sfe -*7l J±3 ^ofl ttj-Bj- ^2^- ^5^4) ^Tfl a 

c23> atb ^^8r ^ ?H]H}-5.-*f&) tiH^* <^^^ ^^t- 

#X\ Aj^ofl SX6)X\ f <qjf ^Hl^HH *WSL HeH°J HH^A-I ^ 

*l #7) * ^#-g- ^r^7>7> ^^Kr djtflifl* ^^Kfr *r^r, ^"71 

Sl^r 3^- «-7l, dMfr. ^2. ^ 

^7] ^ JL^ ^3|-6j) uq-E}- ^Zj- 3k ?]] ^ 
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24> y><4 ^ ^ ^-^ofl trfsj- ^4 o]^- £#4-if- sq^-sl 4!3:f-4 ^ 57^- Ais. 

444 4* 4 -¥-4 #4* 44^: 4 £ 4*33 44 £.4 4^ ^ 4*H 3*11 44^- 44 
44 44 4 ^ $514. S4 * ^4*0 44 444 44 44 4^4 3^ 44 ^ 4^ -^^ 
3-?- 44<Hl5i 444 44 44^: 4 ^ 5(14. 

25> o^, ^JjL^ * 4^3 -S^H* 444 4*344. ^44 

%^3l±= 3^r 444 Sfe 7>44^r A>*44- 

26> ^ si 1 -g- ^4 4€- 44 44 £44» 44 4^ 4444 44°fl 
4*44 is ^ 44 444 344. 44 £44<*l)4 4^ 44 4iL» s.4 

el 4 ^tHs. 444 i» £.4 444. 

2?> sl 2 £ ■& 4^4 4 4444 4€- SI-** 444444 44 :a.4* 44 4^4 n 2 - 
4* £*14 lr4£44. 5L 2 <*f|4, 444 443- 44 44H 444°114 

44£- 444# ^^4(ioo). ^-4<*fl 4* £444 44 4-* 4^* 4^4 
(200). ^34 &-£-4 44 44¥£- 44 4£ &<LS- 4444. 4 443 314 4 

4Y 4^ s4 <g^si4(300), 4^ 444 4^ 444 ^4£)^, =l 44*11 44 

44 JL3-M4 44 44-1- 44 44 J&L44 4^-444(500). 4 n fl ^444 *a^4 44 
jz.444 ^^4 iL444. ^^.^s. 44 ^ £44 4444 ^44 ^ 
iL44 ^4 ^(400), 4^ 444 :&44 44-2_7> 4-4 X444(600). 

< 28 > £ 3 ^ 4^4 ^A] 6j|6fl ^ ^2}- ^^^>» ^4 ^4 ^4 <ffl44 44 

4 ^44. £31 42:44, 44 J±3 7fl^ 5A4. 44 ^^4 

44^- cll4^ 6 il4 44, R, G, B 7} ^#5]ji(5io), ^^4 44^- ^14444 4^- 

44 ^^.(520)4 4^ 444 ^#44(525). 444, 44^- 3M44 4^ ^4 2:4 
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R, G, B ^II^B] <2}^ H"7l7> ^1^VS|JL, ^ #7} 7}& 

SZHH ^5 R, 6, B t Tfl^JlS <>l-f-<H^I^. t^SLS. £&x}7} ^JLsHr ^ 

iL^€^(530). tHMfe °l^>fl ^ ^71^ a_j)a^ ^ $ £ 

^ o]# <a^o-S. ^ ^-ofl ^^>» fl^ iL^*] ^€^(540). °M 

JL^Q Hl^-SLS T^l-eiM £^7}^ ^Bl^ol jLS* 5^(550), q# ^£.7} S«€ 

cf(600) . 

29> £ 4 ^ *H wl^i H5)l<3 ^ 4^-1: €^Rr «S.^> 

H^14. £41 ^-2:^, t^IH ^HleH^-Ei H^(IOO). «?J3€ 

t-fl^BlojlAi R, G, B t ^1^(510). £51 ^ , ^ 

71* 7fl#W.(520). oi^Tfl t7lb *r*Hi 14 ^ol M€tK 

30 [^-sj-Aq 1] 

31> wS 1 T f ^(*.y)+o(*.j>)+g(*.y) ] 

^Iw/^ sz]- <8-SHM <qj=L H-7I0IJL, (x, y)fe «1 rl.fi. 2 ^ 

^^^-0.5. ^ sM ^h}. ^ 41 71^ ^Jf H-7] 

* 4i^H °1 71^ H-7H^ q^. $_^o\ o]^o\ xj£.s. o] sq*. 7l^ iM^Sr Q 

<33> 2] 
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!4> 



i5> 



-#7H £^ #7l (^W/) £}- 7)& ^7)^/^)3.^ ^7H1 rfltb 

36> 3] 



37> 



R(x,y)+G(x,y)+B(x,y) 



38> 



39> 



( X ,y)^ «14^ 3*1* M-^H^h 

rq-^-^-S., #7l7> Rl, Gl, Bl 41 J:* *St (homogeneous matrix)^, ^vfl^ 

4-§- 4 5* £4. 



ao> 4] 



■41> 



RKx,y) 
Gl(x,y) 
B\{x,y) 
1 



W 



W(x,y) 
0 

0 
0 



0 

W(x,y) 
0 
0 



0 
0 



W{x,y) 
0 1 



R(x,y) 
G(x,y) 
B(x,y) 
1 



^2> <2]Jf ^#51 #7l <8#<*H 7)1^4(525). R, G, B 



C43> 5] 
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4> 



R 



si*-*-* 



B 



J 



1 



^7)*\ R i^tf, G <q^j)^, B 4\^q# -Br ^^-^^ R, G, B %3-3, °] 

W\ 



15> 

1 ^ ^€ "I**** °}^. 
ie> o] <2]«- ^ofl tflSfl £1*11*1 =r^M 2 «^] 

3. ^ o]^ ^j-cf. 71 § ^ -q-s-s/S-a- ^ ^ 71 

^ *M #vg- ti]5Ltt ^ ^ R, G, B *>ol3bi: 31^>t£ ^ ^r^H 6 

47> [^A] 6 ] 



48> 



■49> 



AR(x,y)=^. (x ' y) (Rl^^-R]^^) 

AB(x,y)=$^(B\^ -B\ ox ^) 

St\^. ^%6\ R2, G2, B2 ^1J1» 



4 ^4. 

c50> 7] 



J51> 



R2(x,y) 




'1 


0 


0 


AR(x.y)' 


'Rl(x.y) 


G2(x,y) 




0 


J 


0 


AG(x,y) > 




B2(x,y) 




0 


0 


1 


AB(x,y) 


Bl(x,y) 


1 




0 


0 


0 


J 


1 
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^ 84 °^>5l-€^-(530) . 

53> 8] 



54> 



R3(x,y) 
G3(x,y) 
B3(x,y) 
1 



— round • 



Qstep_R 
0 

0 
0 



0 
1 



Qstep_G 
0 
0 



0 
0 

n 0 
QstepB 

0 I 



0 

0 
1 



R2(x,yj 
G2(x,y) 
B2(x,y) 
1 



55> 



<*|7H Qstep_R Qstep_G Qstep_B*. ^ r, G, B<>f| tfl^ <&x}z% 
roundO^ "$4* M-Bf^rf. ^ tfltb °<J=^ S^^S 2)^ 

^-)ol ^^^>7)] X+Bj-V} ^ <9-o^>6l]7ll ^3. 4^" ^ T 2 "^ *Hr3l # 4 <=>1 



(542) 7]^} A>-§-^ ^ ^Ji* ^-g-t!:^. 

c 5 7> ^^>S] ^Z^- ^ 4^111 t+Bhi- 4 tflift ^ 

«■ 4*1» ^ ^^S, ^^/^, ^M^H tflsn z^-q- rf G , ^^tb 
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i9> 



*<H 


o]# ^ 


o]^ ^ 


^z}- ^5. 

) 


^^(Protanomaly) 


#(Red-Def i c i ency) 


0.1 - 0.9 


2j^ n 3(Protanopy) 


3 ^ °1 -tf (Red-Def i c i ency) 


1.0 


of (Deuteranomaly) 


4=-ifl o] -^-(Green-Def i ciency) 


0.1 - 0.9 


n J (Deuteranopy) 


^.xq o] ^-(Green-Def i c i ency) 


1.0 


^^(Tritanomaly) 


^ ^ o] ^- (b l ue-De f i c i ency) 


0.1 - 0.9 


3}^«g(Tritanopy) 


ig ^ o] s£ (B 1 ue-Def i c i ency) 


1.0 



s^l^sq- ^ tq^s-^oi *HHfe ^ltb^ s.qe^ ^ R> g, B ^H3* ^ 

*]*Hr ^ ^ *r*H 9 5r £4. 
:61> [4-^ 9] 
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,2> L R = J*,L(A)/?(;i)<tt 

L c = \k,L{X)G{X)dX 
L B = Jjfc,Z.(;i)£(A)<tt 

= \k m M(X)R(X)dA 
M G = Jjt m M(A)G(A)dA 
M g = jk a M(A)B(X)dX 
S R = JXsWZfCWA 
5 C = Jit,5(A)G(A)flfA 
S fl = \k s S{X)B{X)dA 

63> <^ 7 H ^^ol o\\& djzj- o\s&*\<H <g^3£|^(541, 542) -#7l^ ^AflJE.^ l& 

^ t^3ij. £o] p{d R ) ^sq. s a ^ ^ o^. t^g- 10 £r #<>fl^ L € 

^ AH3E^ ©l-** q-^^ ^H*}. tb^S M 4 S €«¥^li^r *r^H 9 ^1^4 ^o] 

64> [^Hl 10] 

:65> L*™* = lp(d R )L(A-q(d R ))RWdZ 

LV°'* = jp{d R )L(A-q(d R ))G(X)dA 
LV°'* = lp(d R )L(Z-q(d R ))B(A)dA 

=66> ^ 7l ^ P {d R ) i=. l -S^13L^ wV-g- £171 o]^ uJ-BhfljL, ^ L ^ 
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57> tj-'^g- ^oflS ZL ^2E7} M € J MM ^-§-8: 4^r^ 11 4 £o] ^ 

L4S €^*fl3L*r 9 2j- ^^-olr]-. 

58> [^f%q 11] 

A/? w = \p{d G )M{X-q{d a ))R{X)dX 
M «*M# m Jp(J c) M(A - q{d o y)G(X)dX 
M 4*M# = j p(da)M (Z - q(d G ))B(X)dX 

72> [^15H4 12] 

= jp(d B )S(X-q(d B ))G(X)dX 
= IpWbW - q(d B ))B(X)dX 

* A> <*\7)*\ PWs) ^ S ^Ml3L2] 371 x^^JL, *Wb) S €^4^^ ^ 

C75> 10 xfl^l 12 » JUS}*}^ ^ ol^o]] tfl^ ^ ^ -f ^ ^ 
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'7> 







K 


G 


^B 


o" 


-1 


~L R 


L a 


Lb 


0" 


G4(x,y) 




M R 






0 


X 


M„ 


M a 


M ti 


0 


B4(x,y) 




S R 


■V 


s B 


0 




s K 


So 


s B 


0 


1 




0 


0 


0 


1 




0 


0 


0 


1 



G3(x,y) 
B3(x,y) 
1 



78> 



79> 



<$7}*\ IMS *M^r ^ tf® ^*fi *3H£r 

^ ^?h§: RGB <^fl^ LMS ^-^S. *3^1i=h 

80> [^-^^j 14] 
81> 



"/e4(x,^)" 






Lo 


L B 


o" 


-1 


~L R 


L (1 




0" 




~R3{x,y) 












0 


X 


M R 


Mo 


M B 


0 


X 


G3(x,y) 


S4(x,>0 




s R 


So 


s B 


0 




s K 


S G 


s B 


0 




B3{x,y) 


1 




0 


0 


0 


1_ 




0 


0 


0 


1 




1 



«3> 15] 
34> 



*H 15 



R4{x,y) 










0~ 


-I 


~L R 


La 


L B 


0" 




~RXx,y) 


G4(x,y) 






M u 


M B 


0 




M R 


M (i 




0 




G3{x,y) 


B4(x,y) 






C7 




0 


X 


s K . 


So 


s a 


0 


X 


B3(x,y) 


1 




0 


0 


0 


1 




0 


0 


0 


1 




1 



C85> 



aH^SLS. H-71, djtf, *l~8-*Hi^ ^ 

5LB\% Ji-** ^ 16 3}- £o] q-E]-^r}(545). 
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i7> 



R4(x.yf 








L B 


G4(x,y) 


s 






Mb 


B4(x,y) 




s* 


S c 


Sb 


I 




0 


0 


0 



T"' 


"At 




L B 


0 


X 






M B 


0 






S G 


Sb 


0 




0 


0 


0 


I 



round 



Qsiep^R 
0 

0 
0 



QsiepjG 
0 
0 



0 0 

0 0 

1 o 

Qstep^B 

0~ I 



10 0 AR(x.y) 

0 I 0 AG(x.y) 

0 0 I AB(x,y) 
0 0 0 J 





0 


0 


W(x,y) 






0 




0 




W(x.y) 


0 


0 








W(x.y) 


0 


0 


0 



G(x.y) 
B(x,y) 
I 



16 £r ^H^MI tfltfl M-^HH, ^^N- ^H^Hl tfl-gflA^ ^ t\ 

17 ^ 18 ^- 

89> [^«]-^ 17] 



90> 


R4(x.y) 






Lo 


la 


0 








Lb 


0' 




G4(x,y) 










0 


X 


M R 


M c 


M B 


0 




B4(x,y) 




S tl 


S<: 


s* 


0 




s R 


S G 


s B 


0 




i 




0 


0 


0 


I 




0 


0 


0 


I 



round 



I 



Qstep_R 
0 

0 
0 



Qstep^G 
0 
0 



0 0 

0 0 

—J— 0 
Qstep^B 

0 I 



10 0 AR(x.y) 

0 I 0 AG(x.y) 

0 0 I AB(x.y) 
0 0 0 I 



Hi 



W(x.y) 
0 

0 
0 



W(x.y) 
0 
0 



W(x.y) 
0 I 



R(x,y) 
G(x.y) 
B(x.y) 
I 



:91> [^*\ 18] 
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92> 







G4(x.y) 




B4(x,y) 




1 





In 


Lo 




0 






Lc 


Lb 


0 


M R 






0 


X 


Mr 


M G 




0 








0 




s* 


So 


s B 


0 


0 


0 


0 






0 


0 


0 





round 



Qstep^R 
0 

0 
0 



Qstep_G 
0 
0 



0 0 

0 0 

' o 

Qstep _B 

0 I 



10 0 AR(x,yf 

0 I 0 AG(x,y) 

0 0 I AB(x,y) 
0 0 0 I 



W(x.y) 
0 
0 



pisw^I A 

w(*,y) 
o i 



R(x.y) 
G(x,y) 
B(x.y) 
/ 



93> 16 xflxl 18 3-Hr L, M, S €^15L7> ^^°}*5L St°l 

0 * i^V7] ^ 0 o] o}^ 4^ ^ ^AiiL ^3*H <M"£|W: 

M*] 313*^(550). ^l^^m ft A]o>^ *}-^o} ^ ol^^j7X> % 

ZL ^tfl^ 7J\*\] ^tfl 71^ ^ ^9 S^W. ^ 

$ ^*3tb^(600). 

<95> £^ ^A-^]^. TTS £ £.3. ^^^}7> *l^*Kr 

^3]^ S^O^Ml <£<H ^7>S TTS 7|#* <>1^«V^ >H 

^^(600). 

< 96 > £^ ^Hfe & ^7>7> -8-o]»»0 *]*e*}^l *>7] fl* ^ 

°H £ 4*3 3 ^^1- «:3*H*fe a}^. uJ-bM ^7>#^ ^ ^si\ 
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n> ^% ^ £ ^4 ££*Kr ^I^M 41Jl-§-4 ^ ii^- Aij: 

^ M* *fl ^3 ^ JL^8 ^ ^ £)*B 
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11 

cj^i^ ?HieHH tq^i^ hic]^. cii^iBii- ^i^-, 

^ ^ ^*>7> <a^i «t 

2) 

*ii i sa°w. 

#71 ^ Tfl^Rr ^71 H^-Si. a^o} 3HEi5L^ ^l-f 
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